The International Committee on Taxonomy of Viruses (ICTV) has recently approved several proposals submitted by the present Caliciviridae Study Group. These proposals include the division of the family into 4 new genera designated Lagovirus, Vesivirus, "Norwalk-like viruses" (NLVs), and "Sapporo-like viruses" (SLVs); the latter 2 genera were assigned temporary names until acceptable names can be determined by the scientific community. The genera have been further divided into the following species: Feline calicivirus and Vesicular exanthema of swine virus (genus Vesivirus), Rabbit hemorrhagic disease virus and European brown hare syndrome virus (genus Lagovirus), Norwalk virus (genus NLV), and Sapporo virus (genus SLV). In addition, the ICTV approved a proposal to remove the hepatitis E virus from the Caliciviridae into an "unassigned" classification status.
The International Committee on Taxonomy of Viruses (ICTV) has recently approved several proposals submitted by the present Caliciviridae Study Group. These proposals include the division of the family into 4 new genera designated Lagovirus, Vesivirus, "Norwalk-like viruses" (NLVs), and "Sapporo-like viruses" (SLVs); the latter 2 genera were assigned temporary names until acceptable names can be determined by the scientific community. The genera have been further divided into the following species: Feline calicivirus and Vesicular exanthema of swine virus (genus Vesivirus), Rabbit hemorrhagic disease virus and European brown hare syndrome virus (genus Lagovirus), Norwalk virus (genus NLV), and Sapporo virus (genus SLV). In addition, the ICTV approved a proposal to remove the hepatitis E virus from the Caliciviridae into an "unassigned" classification status.
The development of a meaningful classification system is dependent on the breadth of knowledge available for a particular organism and often reflects the state of the art of the technology used to study that organism at a particular time. The history of the taxonomy of the Caliciviridae reflects these concepts. For example, Norwalk virus (NV), which was first associated with an outbreak of gastroenteritis in Norwalk, Ohio, in 1968, was discovered in 1972 and initially described as a picornavirus or parvovirus on the basis of its appearance by electron microscopy [1] . Later, the presence of a single major structural protein in Norwalk virions purified from human stool material was reported as a characteristic more consistent with the Caliciviridae [2] . However, the inability to grow NV in cell culture prevented further detailed characterization of the virion, and its taxonomic status remained uncertain for several years. The demonstration of sequence relatedness between NV and other caliciviruses (CVs), enabled by the cloning of the NV genome in 1990 [3] , was a major breakthrough that led to the widespread recognition of NV and other related "small round structured viruses" (SRSVs) as members of the Caliciviridae [4] [5] [6] .
The creation of the family Caliciviridae itself required several years of research. The first disease now known to be caused by a CV was documented in 1932, when vesicular exanthema of swine (VES) was observed in the United States [7, 8] . This disease initially was thought to be foot-and-mouth disease, but immunologic studies failed to link VES with the foot-andmouth disease virus. The etiologic agent of VES, designated vesicular exanthema of swine virus (VESV), was characterized as a small, icosahedral RNA virus in 1968 [9] . San Miguel sea lion virus (SMSV), associated with abortions and vesicular lesions in sea lions, was later shown to be related to VESV morphologically and biophysically [10] .
Another early CV-associated disease was a predominantly respiratory illness in cats caused by feline CV (FCV), which was first isolated in cell culture in 1957 in New Zealand [11] . It was thought initially that VESV, SMSV, and FCV could be members of the Picornaviridae [12] , and interestingly, FCV was known for some time as "feline picornavirus." However, it became increasingly clear that these new animal viruses were different from the picornaviruses in structure, replication strategy, and physicochemical properties [13, 14] . The Picornaviridae Study Group recommended the removal of the CVs from the Picornaviridae in 1978 [15] .
The creation of a new family of positive-strand viruses, named the Caliciviridae, first appeared in the Third Report of the International Committee on Taxonomy of Viruses (ICTV) in 1979 [16] . Common features of this new family included the presence of a single major structural protein from which the capsid was constructed and the appearance of 32 cup-shaped depressions on the surface of the virion arranged in icosahedral symmetry (figure 1). The name of the new family was derived from the Latin word calix, which means cup or chalice. Another major feature of this new family was the absence of a methylated cap at the 5 terminus of the virion RNA. Instead, a small protein (VPg) of ∼10-kDa was shown to be covalently 3 12 ϫ 10 linked to the virion RNA and was described as essential for the infectivity of the RNA [17, 18] . Additional justification for the creation of this new family became apparent when the first full-length CV genome sequences were published in the early 1990s [5, 6, 19, 20] . The RNA genomes of the CVs were organized into two or three major open-reading frames in contrast to the single long openreading frame of the picornaviruses. In addition, the locations of the nonstructural and structural protein genes were different between the CVs and picornaviruses, with the major structural protein of the CVs encoded near the 3 end of the genome [20] .
The establishment of the CVs as a separate family laid the foundation for further delineation of the relationships among its members. New CVs associated with gastroenteritis in humans were discovered in the 1970s and included the NV [1] and the "human CVs" (HuCVs) [21, 22] . NV became the prototype strain for a group of morphologically similar viruses, commonly called the SRSVs, that were frequently associated with epidemic gastroenteritis.
The identity and role of the so-called HuCVs were less clear. However, these viruses, also known as classical HuCVs or human enteric CVs, apparently were different morphologically from the SRSVs in that well-defined cup-like structures on the surface of the virion were usually observed by negative-stain electron microscopy. As a result, these viruses were segregated from the "Norwalk-like viruses" (NLVs) in an early interim classification scheme based on virus morphology [23] . In contrast to the NV, the viruses that were likely the first discovered in the classical HuCV group [21, 22] did not emerge as prototype strains because they were not characterized further. Thus, a major prototype strain for these viruses became the Sapporo virus (SV) that was associated with gastroenteritis in infants and young children in 1982 in Sapporo, Japan [24] .
SV was one of the first HuCVs with classical morphology to be characterized as antigenically distinct from NV [24] and to be partially characterized at the sequence level [25] . However, it should be noted that the first published sequence for a classical CV was that of the Plymouth strain in 1994 [26] . This sequence provided the initial evidence for major genetic differences between the RNA genomes of the SRSVs and the classical HuCVs. Later, analysis of the full-length genomic sequence of the Manchester virus (MV) [27] , a virus closely related to SV [28] and Plymouth virus [27] , revealed a striking difference in the reading frame usage between the classical HuCVs and the SRSVs, firmly establishing these two groups as distinct.
The first CV disease documented in lagomorphs was likely the European brown hare syndrome that was recognized in Denmark in 1982 [29] . The etiologic agent, European brown hare syndrome virus, was observed in the livers of infected hares [30] and later identified as a CV [31] . Rabbit hemorrhagic disease was first documented in rabbits in China in 1984 [32] . The virus associated with this disease was variously described as a parvovirus and a picornavirus until the etiologic agent, rabbit hemorrhagic disease virus (RHDV), was identified as a CV in 1990 [33, 34] . Unlike other CVs, RHDV produces a highly fatal generalized disease characterized by massive liver necrosis and disseminated intravascular coagulation [35] . The complete genome of the RHDV was the first full-length sequence reported for the CVs [20] , and a German RHDV strain (GH/1988) was adopted as a prototype for this group because of its extensive characterization.
In the Sixth Report of the ICTV, published in 1995 [36, 37] , all viruses in the Caliciviridae were grouped into 1 genus, Calicivirus [4] , although it was apparent at that time that CVs were genetically and antigenically diverse and found in a broad range of hosts. However, the inability to grow many of the CVs in cell culture, including the HuCVs associated with epidemic gastroenteritis and the lagomorph viruses, was a major research obstacle. In terms of classification, this hampered the use of several important features of viruses traditionally used for classification, such as physicochemical properties, protein synthesis in infected cells, antigenic relationships, and cell tropism. Thus, sequence analysis of CV genomes emerged as a major tool in the study of relationships among members of the Caliciviridae.
The ICTV has recognized the importance of sequence analysis in the resolution of taxonomic issues within virus groups containing noncultivatable members and has specified that sequences for noncultivatable viruses be a "reasonably complete genome" or a "significant partial sequence," with other information that must be provided, such as morphology, antigenic properties, host range, and clinical features [38] . The availability of several full-length genome sequences [5, 6, 19, 20, 27, 39, 40] and phylogenetic analyses [41, 42] allowed the present ICTV Caliciviridae Study Group (CSG), assembled in 1997, to propose a new system for classification and nomenclature of the CVs to the ICTV in 1998. The rationale behind the proposals and the new taxonomic structure of the Caliciviridae approved by the ICTV are described in this report.
Definition of a CV Genus
A genus is defined by the ICTV as a "group of related virus species that are distinct from other groups of species in the family" [36] . Thus, the criteria for defining the relatedness among a group of species must be established before a new genus can be created. Since CVs initially appeared to segregate on the basis of whether they infected certain hosts, this observation was used to provisionally group viruses according to the host species of origin. For example, the FCVs and HuCVs represented two such groups. However, it became apparent that natural host range should not be included in the definition of a genus. A diverse range of animal hosts was shown to be naturally infected with viruses that were related antigenically and genetically to SMSV [10, 43] . More recently, enteric CVs that share sequence relatedness with the Norwalk-like HuCVs have been identified in swine [44] . Advances in the genetic characterization of CVs ultimately provided the framework for the development of a genus definition by the current CSG. The definition for a CV genus is as follows: "A genus in the Caliciviridae will be defined as a genetically distinct clade of viruses."
The new genus definition requires the use of phylogenetic analysis to determine the taxonomic status of a particular CV. The present CSG did not specify a recommended method for this analysis. Instead, two published independent phylogenetic analyses were cited as the basis for the definition of a clade in the family.
In one of the analyses, by Berke et al. [41] , alignments of partial capsid gene sequences were performed using CLUSTAL V [45] , and trees were constructed using the PHYLIP 3.5c program [46] . Parsimony (PROTPARS and DNAPARS [46] ) and distance (PROTDIST and DNADIST [46] ) methods were both used to construct trees. The PAM and Kimura distance estimates were used in the FITCH program [46] , and the FitchMargoliash method was used to build the final distance trees. A consensus tree was made from the bootstrapped data (n = ) with the program CONSENSE [46] . With this approach, 1000 4 major genetic groups were identified that were provisionally designated "rabbit CV-like animal CVs," SRSVs, "VESV-like animal CVs," and "Sapporo-like HuCVs."
The other phylogenetic analysis, by Noel et al. [42] , utilized the Genetics Computer Group (Madison, WI; http://www.gcg .com) package to perform alignments of a 120-amino acid region of the RNA-dependent RNA polymerase protein, and the PAUP program (Wisconsin Package for Sequence Analysis; Genetics Computer Group) to generate a dendrogram. Bootstrap values were calculated for the main branches of the tree. Four branches, provisionally designated as groups A (FCV and VESV), B (NV and Southampton virus), C (SV and MV), and D (RHDV) were identified. It was important that these two independent analyses using different phylogenetic programs showed the division of the family into the same 4 major genetic groups (or clades) that represented the proposed new genera.
A dendrogram (courtesy of T. Berke and D. Matson) that illustrates the presence of 4 major clades in the Caliciviridae is shown in figure 2 . The approach used for the definition of a CV genus by the CSG indicates that the classification of unique, new CVs will require sequence and phylogenetic analyses. Future CSGs will review the published literature and the methodology used and determine whether the analysis supports the classification of the new CV into an existing genus or whether the analysis warrants submission of a proposal to the ICTV for the creation of a new genus. It should be noted that any individual or group may publish a suggested classification scheme; however, only the ICTV has the authority to accept this scheme as "official" by voting on proposals submitted in the appropriate format.
Analysis of the genome organization and reading frame usage among strains representing the 4 major clades (FCV, RHDV, NV, and MV) shows that viruses within each of these clades share common features in genome organization and reading frame usage ( figure 3) . The molecular basis of CV replication is relatively poorly understood compared with many positivestrand RNA viruses. However, it is assumed that all CVs generate two major CV-specific RNA transcripts during viral replication corresponding in size to the full-length genome (36S) and the 3 -end terminal third of the genome (22S), as was first described for VESV, SMSV, and FCV [14, 47] . The 22S "subgenomic" RNA is collinear with the 3 end of the genome and apparently serves as a template for translation of the major capsid protein of the virus [47] , whether the capsid gene is encoded in a separate reading frame (as in FCV and NV) or "in frame" with the nonstructural polyprotein (as in RHDV and MV). Region of genomic RNA corresponding to subgenomic-sized transcript RNA that has been detected in calicivirus-infected cells is shown; however, presence of subgenomic-sized RNA during replication has not been verified for members of genera NLV and SLV.
The two major differences in reading frame usage for the capsid protein gene among CVs was striking and led to discussion relating to whether this feature should be incorporated into the classification system. Ultimately, the CSG decided that phylogenetic analysis would be the primary method for grouping the viruses into genera. As additional full-length genomic sequences become available for strains within each genus, common themes in genome organization may emerge for each genus (and species) that would be useful markers for classification. In addition, features such as proteolytic processing and differences in the replication strategy may become important tools for distinguishing among CVs as research in the molecular characterization of these viruses progresses.
There was unanimous agreement in the CSG to submit proposals to the ICTV for the creation of 4 new genera in the family. The creation of a new genus requires the designation of a "type species" that best represents the new genus, and the identification of a name for the genus. The ICTV recommends that virus names be simple and meaningful [48, 49] . An effort was made to develop a unifying approach for the assignment of names to the 4 new CV genera. Several scientists involved in these discussions felt that using the names of well-known strains with historical precedence (such as the first virus discovered in the genus or a virus that had emerged as a prototype because of extensive characterization) was a good starting point in developing new genus names because these names would benefit from immediate and widespread recognition. Other scientists felt that new, neutral names should be identified that encompassed the characteristics of all the viruses in a particular genus. In the end, primarily because of recommendations of specialists in the CSG, name selection for the new genera was based on more than one rationale. Most of the genus names proposed by the present CSG incorporated a reference to a prototype virus of that genus. However, one new name, Lagovirus, was chosen because it encompassed the broad natural host range of all the viruses known in the genus at that time.
Definition of a CV Species
The species is the lowest level in the hierarchy of classification encompassed by the ICTV guidelines. The definition of a species is critical because the creation of a new genus requires the designation of a type species. The ICTV defined virus species as follows: "A virus species is a polythetic class of viruses that constitutes a replicating lineage and occupies a particular ecological niche" [50] . Thus, definition of a species requires that sequence relatedness not be the sole criterion for species classification. The inability to grow many of the CVs in cell culture was especially problematic for the development of the CV species definition.
Recommended species-defining properties, such as antigenic differences, geographic localization, natural host range, vector tropism, pathogenesis and cytopathology, cell and tissue tropism, mode of transmission, physicochemical properties, and host response [50] , have not been fully characterized for most CVs. However, there was evidence from the phylogenetic analyses for replicating lineages within each genus that they may have evolved from a common ancestor. The present CSG decided to divide 2 of the new genera (Lagovirus and Vesivirus) into 2 species each that clearly segregated along the lines of phylogenetic relatedness and natural host range. The division of the NLVs and "Sapporo-like viruses" (SLVs) into additional species was deferred. It was clear from the phylogenetic analysis that distinct branches existed within these genera, most notably the genogroup I and genogroup II strains [51] of the genus NLVs. However, most known viruses within the genera NLVs and SLVs at the time of these discussions were noncultivatable and associated with the same type of disease (gastroenteritis) in the same natural host (humans). Thus, it was considered that additional criteria were needed to further define these groups as distinct species. Future work, such as the establishment of antigenic relationships with standardized reagents, should prove useful for this classification issue.
The general definition developed by the CSG for a CV species was as follows: "A calicivirus species will be defined as a cluster of viruses that constitutes a major phylogenetic branch within a genus and is also distinguishable from other branch(es) by one or more of the following biologic properties: natural host range, natural cell and tissue tropism, and antigenicity."
The relevant parameters for the species definition in a particular genus are listed in each genus description and based on current knowledge of the viruses in that genus.
CSG did discuss the possibility of creating new names for the proposed species but decided to use recognizable names already established in literature. For example, the species Vesicular exanthema of swine virus encompasses strains from a diverse range of natural hosts, including sea lions (SMSV) and chimpanzees (primate CV), but this feature is not reflected in the name of the species. CSG felt that further discussion was needed among the scientific community if major changes in CV nomenclature were to be made. In general, the species names chosen reflected a recognizable name for the group that was established in the literature.
Proposals to the ICTV, 1998
The development of genus and species definitions allowed the creation of proposals for changes in the taxonomy and nomenclature of the Caliciviridae, which were submitted by the present CSG to the ICTV in January 1998. The proposals were as follows:
To create a new genus, Vesivirus, within the family Caliciviridae.
It is proposed that a type species, named "vesicular exanthema of swine virus" be assigned to the genus Vesivirus.
To create a new genus, Lagovirus, within the family Caliciviridae.
It is proposed that a type species, named "rabbit hemorrhagic disease virus," be assigned to the genus Lagovirus.
To create a new genus, Norwalkvirus, within the family Caliciviridae.
It is proposed that a type species, named "Norwalk virus," be assigned to the genus Norwalkvirus.
To create a new genus, Sapporovirus, within the family Caliciviridae.
It is proposed that a type species, named "Sapporo virus," be assigned to the genus Sapporovirus. Proposal 9:
To remove the hepatitis E virus from the family Caliciviridae and place it into an "unclassified" status.
Final Taxonomic Status of the Caliciviridae in the Seventh Report of the ICTV
The ICTV accepted the division of the Caliciviridae into 4 new genera and approved the proposed type species for each genus [52] . In addition, the ICTV approved the proposal to remove the hepatitis E virus from the Caliciviridae. However, the genus names "Norwalkvirus" and "Sapporovirus" were rejected by the ICTV. The ICTV objected to the use of identical names for the type species and genus. In addition, the ICTV cited the nomenclature rule that admonished "due regard" in the use of geographic names in the designation of a genus because of "national and/or local sensitivities" [49] . Thus, these genera were assigned provisional names (NLVs and SLVs, respectively) until the final genus names can be determined.
Most scientists participating in the nomenclature discussion within and without the CSG expressed an opinion that linking the names of these genera to NV and SV was useful. The same rule of the ICTV that stated the problem of national and/or local sensitivities also stated that "When names are universally used by virologists in published work, these or derivatives shall be the preferred basis for creating names, irrespective of national origin" [49] . Thus, the names "Norwavirus" and "Sappovirus" were the second most frequently suggested names for these genera. However, it should be noted that some scientists within and without the CSG strongly objected to the use of genus names containing reference to Norwalk and Sapporo, and an appeal was made for the identification of new names. The constraints for publication of the Seventh Report of the ICTV in time for the International Congress of Virology in August of 1999 prevented additional discussion among CV scientists for building a consensus. The names for these genera will likely be proposed by the next CSG.
The final taxonomic structure of the family in the Seventh Report of the ICTV [53] Feline calicivirus
According to the rules of the ICTV, the nomenclature is written with the classification level first, followed by the name (e.g., family Caliciviridae; genus Vesivirus) [36] . The family, genus, and species names approved by the ICTV are written in italic print. Provisional names are designated in quotation marks and are not italicized.
Impact of Taxonomic Changes on Virus Nomenclature
The new changes in the taxonomy of the Caliciviridae provide an opportunity for the development of a unified system for CV nomenclature among researchers. One potential approach for facilitating communication is the employment of a cryptogram that would be especially useful for depositing sequences in computer databases and in describing strains from epidemiologic studies. If there is more than 1 species in the genus, the cryptogram could be organized as follows: host of origin/genus abbreviation/species abbreviation/virus name/year of occurrence/ country of origin. Examples of this type of cryptogram would be those for the F9 strain of FCV in the genus Vesivirus, which would be designated Modifications of this cryptogram would be possible if a consensus is reached among CV researchers. For example, the abbreviation "CV" for calicivirus could be added after the host of origin to designate the family Caliciviridae. Thus, Southampton virus could be designated as HuCV/NLV/Southampton/1991/UK. An additional modification of the cryptogram might be the addition of a Roman numeral I or II in the NLV cryptogram following the genus designation for identification of the genogroup, an already widely used descriptive marker [51] . With this modification, the strain Southampton virus would be designated as HuCV/NLV/I/Southampton/1991/UK. When the final names for the genera NLVs and SLVs are identified, the appropriate abbreviation can be used in the cryptogram. In addition, as new species are identified and named, these abbreviations can easily be incorporated into the cryptogram. Because the ICTV does not address classification issues below the level of species, the acceptance and use of a cryptogram for CV strain designations would be decided by researchers in the CV field.
Classification of Hepatitis E Virus
The decision to submit a proposal to the ICTV to remove hepatitis E virus from the family Caliciviridae was not unanimous among the CSG members. The apparent structural similarity between hepatitis E virus and the CVs by negative-stain electron microscopy was cited as a major reason to keep these viruses in the same family. An effort was made to involve virologists outside the CSG in a discussion regarding the classification of the hepatitis E virus. After considerable discussion, most CSG members voted to submit a proposal to take the virus out of the family. The decision was based primarily on the lack of phylogenetic relatedness between the hepatitis E virus and CVs [54, 55] as well as profound differences in the types of putative replicative enzymes used by hepatitis E virus as described by Koonin and Dolja [56] . The ICTV accepted the proposal to remove hepatitis E virus from the family Caliciviridae and place it into an unassigned status. The final status of the hepatitis E virus will be determined in the future.
Future Issues in CV Taxonomy
The major accomplishment of the CSG for the Seventh Report of the ICTV was to propose the creation of 4 new genera in the family [52, 53] . Taxonomy is a constantly evolving process, and new knowledge will allow the improvement and refinement of the current CV classification system. For example, further delineation of CV species within each of these 4 new genera will be needed. This effort will be facilitated by the accumulation of new data relating to the genetic and biologic characterization of CVs. An infectious cDNA clone has been developed for FCV in the genus Vesivirus, demonstrating the feasibility of a "reverse genetics" system for the cultivatable CVs [57] . The development of efficient cell culture systems and infectious cDNA clones for the genera Lagovirus, NLVs, and SLVs would be major technical advances leading to a better capacity to further characterize these viruses.
CV classification issues below the species level are not addressed by the ICTV. Thus, the development of serotyping and genotyping systems for CV strains within each species are the responsibility of scientists specializing in CVs. In addition, the adoption of a universal system for the identification of viruses, such as the use of a cryptogram, must be determined by general agreement among CV researchers. Ideally, the development of a meaningful system for CV taxonomy relating to both ICTV and non-ICTV decisions will involve the contributions of as many scientists as possible.
